A B S T R A C T. Benleonardite, ideally Ag8(Sb,As)Te2 S 3 with Sb > As, is a new mineral species that occurs in ore specimens collected from the dumps of the disused Bambolla mine, Moctezuma, Mexico. The associated minerals are acanthite, hessite, an unnamed Ag4TeS phase, pyrite, sphalerite, and native silver. Together with benleonardite, these form thin black crusts in fractures filled with quartz and dolomite in highly altered, tuffaceous, andesitic and rhyolitic rocks. Benleonardite is an opaque mineral and, in reflected plane-polarized light in air, it is weakly bireflectant from very pale light blue to slightly darker blue. It is not pleochroic. Luminance values (relative to the CIE illuminant C) for R o and R' e computed from visible spectrum reflectance data for the most bireflectant grain, are 33.6 and 31.7~ in air, and 18.3 and 16.5~o in Zeiss oil (N D 1.515) respectively. Vickers micro-indentation hardness is 105 125 (VHN25). The X-ray powder diffraction pattern could be indexed on a tetragonal cell with a 6.603(5) and c 12.726(6) A; for Z = 2, the calculated density is 7.79 g/cm 2 for the average analysis. The strongest five lines in the X-ray powder pattern are [ 
Sb > As, is a new mineral species that occurs in ore specimens collected from the dumps of the disused Bambolla mine, Moctezuma, Mexico. The associated minerals are acanthite, hessite, an unnamed Ag4TeS phase, pyrite, sphalerite, and native silver. Together with benleonardite, these form thin black crusts in fractures filled with quartz and dolomite in highly altered, tuffaceous, andesitic and rhyolitic rocks. Benleonardite is an opaque mineral and, in reflected plane-polarized light in air, it is weakly bireflectant from very pale light blue to slightly darker blue. It is not pleochroic. Luminance values (relative to the CIE illuminant C) for R o and R' e computed from visible spectrum reflectance data for the most bireflectant grain, are 33.6 and 31.7~ in air, and 18.3 and 16.5~o in Zeiss oil (N D 1.515) respectively. Vickers micro-indentation hardness is 105 125 (VHN25). The X-ray powder diffraction pattern could be indexed on a tetragonal cell with a 6.603(5) and c 12.726(6) A; for Z = 2, the calculated density is 7.79 g/cm 2 for the average analysis. The strongest five lines in the X-ray powder pattern are [ BENLEONARDITE, Ags(Sb,As)Te2S3, is a new mineral species found in a polished section of one of a number of ore specimens collected (by AJC) from the spoil tips of the abandoned Bambolla mine (also known as Mina La Bambolla and Mina La Moctezuma; Gaines, 1970) , Moctezuma, Sonora, Mexico (29 ~ 41' N. 109 ~ 43' W.) . It is associated with native silver, acanthite, hessite, an unnamed Ag4TeS mineral, pyrite, and sphalerite. These occur as thin black powdery crusts (1-2 mm thick) which, together with gangue quartz and dolomite, occupy irregular fractures in a highly altered rock described by Williams (1982) as an intensely silicified rhyolitic vitrophyre. Gaines (1965) Qualitative optical properties. The section containing benleonardite was polished using the method of Criddle et al. (1983) . Benleonardite takes a perfect polish and its polishing hardness is low, although greater than that of hessite.
Benleonardite forms monomineralic crusts (< I mm across) around hessite and around partially altered acanthite and it is intergrown with hessite, acanthite, an unnamed Ag4TeS phase and an unidentified gangue mineral ( fig. 1 ). It is finegrained, the largest grains being no more than 40 /~m wide. Typically, these form aggregates in which the anhedral grains show random growth impingement boundaries. Where benleonardite is closely associated with hessite and the unnamed Ag4TeS phase it shows a strong tendency to form laths 5-20 #m by 50-60 #m ( fig. 1) .
In plane-polarized light (colour temperature about 3200 K), in air, benleonardite is weakly bireflectant from very pale light blue to slightly darker blue. It is not pleochroic. In immersion oil (N D 1.515), it is moderately bireflectant and apparently pleochroic from light grey to pale bluish grey (but see below). Benleonardite appears darker and blue against the creamy, slightly pink, hessite. Between crossed polars its anisotropy in air is moderate to strong. The sequence of anisotropic rotation tints is: dark brown, dark blue, blue-grey, dark brown, light brown. With the polars uncrossed by 3 ~ the tints are: mid-greenish brown, light brown-grey, muddy brown, steel blue. The tints are darker but unchanged in hue in immersion oil. Simple twinning is common. Quantitative optical properties. Spectral reflec-leonardite is moderate to strong, the extinction tance measurements were made on three grains in positions could only be estimated to within a few air and in oil; the results, together with details of the degrees by eye; therefore, the photometer was used instrumentation and standard used are given in to establish the R maxima and R minima at 560 nm Table I and the data are plotted on fig. 2 . for grains 2 and 3. Measurements were made by The specimen and standard were levelled and step-scanning at an interval of 10 nm from 400 to brought into the same focal plane on a modified 700 nm, first on the specimen, then on the standard Lanham levelling superstage. Some difficulty was and, for the anisotropic grains, returning to the experienced in locating grains of benleonardite specimen. The procedure was repeated in oil. The suitable for measurement because of its small grain results were plotted with an HP 9872A plotter and size and irregular grain shape. Of the three grains the reflectance curves obtained were smoothed chosen, one was isotropie (grain 1) and the others graphically and digitized. The digitized values were (grains 2 and 3) were as strongly anisotropic as used to compute the colour values for the COMcould be found. Although the anisotropy of ben-IMA recommended illuminants C and A, and to check errors in the air and oil measurements (as recommended by Embrey and Criddle, 1978) . The computer programs were written by G. S. Bearne. Ro was determined by measurement of the isotropic grain. R o for the anisotropic grains 2 and 3 differs slightly from this, a difference that is explicable in terms of the uncertainty of determining Rmax photometrically (in the absence of definite extinction positions). An alternative explanation is that grain 1 was, in fact, very slightly anisotropic, and the maximum value was not measured. This could easily happen given the high-power objectives used for observation and measurement. Nevertheless, the data are within the limits of accuracy (+ 0.5 1.0 % relative) for the instrument. It is clear from fig. 2 that, other than at the blue end of the spectrum, there is little difference in the dispersion of Ro and R'~ in air or in oil, hence the pleochroism observed in oil (see above) cannot be regarded as real, but is a consequence of the luminance difference between Ro and R'~, i.e. the bireflectance.
There is neither qualitative nor quantitative evidence for benleonardite exhibiting sensitivity to light, unlike many silver-bearing minerals.
Microhardness.
A Leitz Miniload 2 microhardness tester was used to determine the Vickers microhardness of benteonardite. For a toad of 25 g the range obtained from I0 indentations was 105-125 (mean 117). The shape of the indentations was perfect, but with slight fracturing at the corners. The indentations could not be made on single grains of benleonardite due to its small grain size; thus, these results are for aggregates of the mineral.
Chemical composition. Electron microprobe analyses of benleonardite are summarized in Table  II . Analyses 1, 2 and 3 correspond to the areas measured for reflectance, respectively of grains 1, 2 and 3.
The initial analyses (1-5) were obtained using pure metal standards and troilite. The formulae, calculated to 14 atoms, from these analyses approximate to Ag7.8Sb0.8mso.2Tel.9S3. 3 and show a small silver deficiency and sulphur excess. In order to check the reliability of the ZAF correction and the standards used for Ag and Te, further analyses were made using the coexisting hessite as standard for Ag and Te (the hessite was taken to be stoichiometric Ag2Te ). The average of these 14 analyses gave a formula almost identical to that obtained from the average of the initial analyses and this supports the silver deficiency relative to the idealized formula Ag8(Sb,As)TezS a.
The sulphur excess could be related to the use of troilite as standard, but this would not explain the silver deficiency since, if sulphur were overestimated, all the other atoms would then be underestimated in the same proportion when calculated to 14 atoms; this is not the case. There remains the possibility that benleonardite is sensitive to the electron beam, but there were no 'burn marks', changes in counts with time, or other such evidence for this. Any slight analytical error would have a disproportionate effect on the estimation of sulphur in the formula because of its low atomic number compared to Sb, Te and Ag.
The usual formal charges cannot be balanced in the formula given: such formal charge imbalance occurs in other minerals containing a high proportion of metallic and semi-metallic elements.
X-ray data. It was not possible to extract grains of benleonardite for single-crystal X-ray studies because of its small grain size. However, sufficient material was extracted for an X-ray powder photograph, the data from which are given in Table III. The simple powder pattern suggested a high symmetry. Successive orders of 001 were recognized and a tetragonal cell derived by trial and error. All but four weak lines (believed to be due to impurity) of the twenty-six in the powder pattern could be indexed on a tetragonal unit cell with a 6.603 ( Again, due to the small grain size and lack of material, the density of benleonardite could not be determined directly. The density was calculated for Z = 1, 2, 3... and compared with those of other minerals having elements in common with benleonardite. For Z = 2 the calculated density for benleonardite is 7.76 which is reasonable when compared with hessite (8.35--benleonardite contains the lighter elements Sb, S) and with acanthite (7.0-7.2) and aguilarite (7.5) (benleonardite has a higher proportion of heavy elements).
Structural speculation. The structure may be an ordered arrangement based on a body centred packing of the atoms. Taking 1.44 A as an average metallic radius for Ag, Sb, Te, such an arrangement would have a cubic cell edge of 3.3 A, which is approximately 89 88 The full tetragonal cell (a 6.6, c 13.2A) would then contain 32 atoms. Omitting one plane of four atoms parallel to (001) would reduce this to the 28 atoms required by the formula (Z = 2) and shorten c to about 12.8 A.
Relationship to other species. There does not appear to be any mineral species to which benleonardite is related. However, there are two incompletely characterized phases mentioned in the literature which may be equivalent to benleonardite: mineral C of Karup-M~ller and Pauly (1979) ; and mineral X of Aksenov et al. (1969) . KarupM~ller and Pauly (1979) suggest a formula of Ag9Sb(Te,S)6 for mineral C on the basis of partial analyses (due to small grain size and apparent breakdown in the electron beam), and their qualitative description is in reasonable agreement with ours for benleonardite. Aksenov et al. (1969) give reflectance data for mineral X which are similar to those for benleonardite in the range 400-500 nm but which are significantly higher at 500-700 nm. This might reflect the slightly different chemistry which they give for mineral X. Both mineral C and mineral X occur in association with an Ag4TeS phase, as does benleonardite.
